Adverse drug reactions (ADRs) are undesirable effects of medications that lead to large-scale morbidity and mortality in developed countries\[[@ref1][@ref2][@ref3]\]. However, there is dearth of research that claims ADR presence in developing countries such as India. A few studies have examined the effects of ADRs mainly by looking at hospital readmissions\[[@ref4][@ref5]\]. Serious ADRs are seen in 6.7% patients in India on an average and the number can be as high as 8% in rural South India\[[@ref6]\]. In South India, ADRs are responsible for 0.7-3.4% hospital admissions, 3.7% hospital readmissions and 1.3% mortality\[[@ref5][@ref6][@ref7]\].

ADRs can be detected by yellow card reporting, a cost effective method to monitor safe use of drugs. Yellow card reporting is useful in a number of ways. It identifies unidentified ADRs, risk factors for the occurrence of ADRs, drug safety issues and risk benefit comparisons among medications belonging to different therapeutic classes\[[@ref8][@ref9]\].

All the medications targeted for clinical purposes have to undergo several rigorous preclinical and clinical testing as an evidence of their safety and effectiveness. At times, adverse events are seen only upon usage among general population. The process whereby adverse effects are detected through regular monitoring after the release of drug in market is called pharmacovigilance\[[@ref7]\]. Drugs are often banned by the FDA or voluntarily withdrawn by the manufacturing pharmaceutical company when the adverse events pose a risk greater than the benefit provided by the drug. When drugs are used in combination with other drug(s) and if they cause adverse events, then the drug(s) combination and not the individual drug are banned by the FDA. Many drugs used as single dosage or in combination with other drugs are discontinued from being produced and provided in the Indian market. Single drugs banned in last one decade in India, are presented in [Table 1](#T1){ref-type="table"}\[[@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24][@ref25][@ref26]\]. The study intends to review the status of banned drugs in India. It also looks at the pharmacovigilance programs in UK and USA and provides implications for improving pharmacovigilance in India.

###### 

SINGLE DRUGS BANNED IN INDIA OVER THE LAST DECADE (2001-2011)
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An observational study was conducted from February to April 2012. All drugs (single drug or fixed dose combinations) banned in India from 2001 to 2011 were considered in this study. The list of the medications was procured from the website of the central drugs standard control organization, Government of India\[[@ref11]\]. An extensive review of the literature was done about the identified banned drugs for identifying the drug name (generic and Brands), drug class, pharmacological category (use), manufacturer of the drug, year of introduction in the Indian market, date of ban in India, the reason for ban and its availability in India and in abroad. We also document the common category of drugs banned, life span of the drug in the market. The search was conducted via databases such as PubMed, Scopus and Sciencedirect (research articles, letter to the editor, editorials, commentaries) and search engines such as Google and Google scholar (online news papers, and online providers of health information and services to consumers, physicians, healthcare professionals). Search terms indicating drug name (generic and brand name), pharmacotherapeutic use, manufacturer\'s name, reason for withdrawal from the market, year of introduction and withdrawal of the drug were used for researching individual drugs. The data was collected using the Statistical Package for Social Sciences (SPSS) version 20.

Killer drugs still available in Indian market but banned in other countries: {#sec2-1}
============================================================================

[Table 2](#T2){ref-type="table"} shows some examples of medicines, which are banned in many countries but still available in India. Many of them are over the counter drugs (brands) are available with changed formulation but same brand name. They are available without prescription so the general population is ignorant about the serious side effects. India has serious issues with use, availability and distribution of banned drugs\[[@ref27]\]. Some of the drugs are mandatorily banned by Drugs Controller General of India (DCGI) but are still available in the market (e.g. human placental extract). The manufacturers take the aid of pending court cases and continue distribution until decision is made. The answer to such unethical distribution and availability of banned drug may lie in the insufficient data about ADR and its reporting. Many studies about pharmacovigilance and ADR reporting have shown very poor ADR reporting in India due to lack of knowledge and practice ([Table 2](#T2){ref-type="table"}).

###### 

DRUGS THAT HAVE BEEN GLOBALLY DISCARDED BUT ARE STILL AVAILABLE IN INDIAN MARKETS\[[@ref27]\]
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Though each country has its own mechanism to ban and list banned drugs, it is worrisome that some drugs that are banned in other countries for proven adverse effects are still available in the Indian market and are profitable. Things get further complicated due to issues such as self medication, since it is not monitored by physicians, and patients miss the important step of getting warned about the side effects of the drug and the subsequent ADR reporting if any, is unavailable. There is lack of awareness about the safety issues associated with medications or about the discontinued nature of medications and the consequences upon their consumption in India.

Medication safety programs in developed countries; United Kingdom (UK): {#sec2-2}
=======================================================================

In the UK, responsibility of public health and patient safety falls with the Department of Health, Government of UK\[[@ref28]\]. The medicines and healthcare products regulatory agency (MHRA) is an executive agency that acts on the behalf of the Department of Health, Government of UK. This body assures the safety, quality and efficacy of medicines as well as healthcare products. MHRA employs the prescription event-monitoring (PEM) scheme through which the MHRA identify and monitor the first 10 000 patients who receive a newly introduced drug in the market for any adverse drug events\[[@ref28]\].

The general practitioner (GP) prescribes a newly introduced drug, which the patient takes to the pharmacist for dispensing. The prescription information received by the pharmacist is passed on to the prescription pricing authority (PPA). The PPA then sends electronic copies of the prescription of the drug under study to the Drug Safety Research Unit (DSRU). This process helps gather patient exposure data and is continued till data of about 20 000 to 30 000 patients is collected. The prescriber is sent a Green Form 3 to 12 months after the prescription is written. This form requests the details of any events that may have occurred to the patient since the prescription was written.

The forms are made anonymous to preserve patient confidentiality. The events information on the forms provides the outcome data. The details of events and their incidences are then analyzed, and may result in the generation of signals, hypotheses or the initiation of follow-up studies. Thus, PEM in UK assists the pharmacovigilance agency with an assessment of a newly introduced drug in terms of its clinical outcomes and adverse events an uncontrolled real world environment\[[@ref28]\].

United States: {#sec2-3}
==============

The United States, Food and Drug Administration (FDA) is the Federal public health agency that has regulatory responsibility for ensuring the safety of all marketed medical products, including pharmaceuticals (drugs and biologics). The availability of safe and effective pharmaceutical products depends on reporting of ADRs by all the parties involved i.e. the consumers or the patients, the healthcare providers and the drug manufacturers. The manufacturers have to compulsorily report ADRs\[[@ref29]\].

All unsolicited reports from health care professionals or consumers, received by the FDA via either voluntary or mandatory route, are called spontaneous reports. Spontaneous reports are a part of a clinical observation that originates outside of a formal study. The individual spontaneous reports of ADRs, medication errors, and product quality problems, sent directly to the FDA through the Med Watch program or to the manufacturer and then indirectly from the manufacture to the FDA, combined with data from formal clinical studies and from the medical and scientific literature, comprise the primary data source upon which post marketing surveillance depends. The FDA continuously strives to implement newer surveillance techniques for detecting, reporting and evaluating adverse events. Another approach that might be used by FDA to detect adverse events is analyzing claim databases with a large sample size. These databases have prescription claims that can provide a link to occurrence of adverse events\[[@ref29]\]. In March 2005, three separate guidelines were issued by the FDA including, (1) premarketing risk assessment; (2) development and use of risk minimization action plans (RiskMAP); and (3) good pharmacovigilance practices and pharmacoepidemiologic assessment\[[@ref29]\]. According to the Guidance for Industry, drug safety risk-management is defined as an iterative process designed to optimize the benefit-risk balance for regulated products\[[@ref30]\] and RiskMAP is defined as a strategic safety program designed to meet specific goals and objectives in minimizing known risks of a product while preserving its benefits\[[@ref31]\]. RiskMAP tools for risk minimization include physician education and awareness programs and access to reminder systems that cross check and provide assistance to the healthcare personnel in reducing risk related to prescribing, dispensing, receipt and usage of a product. Identification of drug safety signals, investigation and interpretation of risk signals beyond case review, specification of pharmacoepidemiologic research methods for risk assessment, development of disease and drug registries, conducting patient or health provider surveys are some of the measures undertaken by the FDA guidance to promote good pharmacovigilance practices and pharmacoepidemiologic assessment\[[@ref30][@ref31]\].

Pharmacovigilance in India, the need: {#sec2-4}
=====================================

According to the 2011 census, India has the second highest population in the world with over 1.21 billion people\[[@ref6]\]. The pharmaceutical industry in India is valued at 18 000 million dollars and its growth is estimated at the rate of 12-14 % per annum. Pharmaceutical exports are also growing at 25% compounded annual growth rate (CAGR) every year. The total export of pharmaceutical products amounts to 8000 million dollars, which makes India a global pharmacy of generic drugs since it is a distinct entity providing generic drugs, which have quality and are affordable. On a global scale, India is being viewed as an emerging hub of clinical trials, drug discovery, research and development\[[@ref32]\]. After years of clinical trials and step by step approval by drug regulatory authorities, a drug is introduced for curing a particular disease. Prior to introduction in the market, despite several checks in the drug discovery and development process, certain drugs are withdrawn from the market when ADRs associated with them are discovered. Drugs might be withdrawn even after they are available in the market for a decade or longer. Examples of such drugs are rosiglitazone, rofecoxib, gatifloxacin, rimonabent and especially nimusulide formulation used in the market since 12 years\[[@ref16][@ref17][@ref18]\]. Some of the ADRs are avoidable. Spontaneous reporting by healthcare professionals is an important step for preventing or reducing ADRs\[[@ref33]\]. The ADR reporting rate in India is below 1% compared to the worldwide rate of 5%\[[@ref7]\]. Given the lower rate in India, one of the reasons might be attributed to the awareness about pharmacovigilance and ADR monitoring among the Indian healthcare providers.

National pharmacovigilance program of India: {#sec2-5}
============================================

The national pharmacovigilance program (NPP) was established by the Ministry of Health and Family Welfare in New Delhi in 2010 as a means to gather ADR reports throughout the nation. The NPP comprises of a national coordinating center that receives ADR information from individual pharmacovigilance centers about the cause, source and the personnel involved in an adverse drug event via a vigiflow software interface operated by Uppsala Monitoring Center\[[@ref32][@ref34]\]. The NPP has developed and expanded through fives phases of development since its initiation in 2010. In its initiation phase from 2010-2011, 40 medical schools were established as pharmacovigilance centers and personnel were trained in these pharmacovigilance centers. In the expansion and consolidation phase from 2011-2012, additional 60 medical colleges were enrolled as part of NPP and gaps in training the personnel working in the pharmacovigilance centers were identified. In the expansion and maintenance phase from 2012-2013, another 100 medical colleges were enrolled as part of NPP. In the expansion and optimization phase to be implemented in the future from 2013-2014, the NPP plans to enroll an additional of 100 medical colleges. The NPP will also establish the Centre of excellence for pharmacovigilance in Asia Pacific Region as part of the excellence phase to be implemented in 2014-2015. Throughout the five phases, the NPP has and will coordinate public awareness workshops for promoting drug safety and efficacy\[[@ref32]\].

Sub-committee to monitor banned drugs in India: {#sec2-6}
===============================================

Each country has its own organization that monitors its individual circulation of banned drugs. In India, prior to drug marketing, its safety and efficacy is ascertained in accordance with the Schedule Y of Drugs and Cosmetics Act. Even after market approval, the safety and efficacy of the drug is continuously examined on the basis of information gathered via Pharmocovigilance, Post-Marketing Surveillance and information reported from other countries. In order to examine such information, the Drugs Technical Advisory Board (DTAB) under Drugs and Cosmetics Act has constituted a sub-committee, consisting of experts on the subject who examine the information received from the sources mentioned above and take a final view as to whether to prohibit the manufacture, sale and distribution of drugs or to restrict its use and accordingly recommend the Government to make suitable amendments under Section 26 A of the Drugs and Cosmetics Act which empowers the Central Government to prohibit the manufacture, sale or distribution of such drug or cosmetics\[[@ref34]\].

The role of pharmacist in drug safety: {#sec2-7}
======================================

A multifaceted approach is required for safety of medicine regulation in the Indian market. A useful first step is to establish transparency, which is not apparent presently. The pharmacist can play a very important role in drug safety. Hence every state drug control officer should strictly abide by the Drug and Cosmetic Act 1940, which mandates every pharmacy to have a pharmacist at all times during business hours. Pharmacist can educate assistant pharmacists as well as patients visiting the pharmacy by writing labels in easy and understandable language, patient counseling, providing leaflets and stick posters about certain ADRs related to the obtained medications and advice to report ADRs to pharmacists or other healthcare professionals.

Continued education (CE) is very important for pharmacists for updating and refreshing their knowledge about recent advancements and changes in pharmaceuticals. CE also helps in educating pharmacists about the NPP including how to report and whom to report ADRs in their practice. The government of India can also educate general population about black box warnings via a media. Presently, only one Pharmacy College affiliated with the J.S.S. Medical College and part of J.S.S. University, Mysore is involved in the NPP, but previously even community pharmacies located in the state of Goa and many pharmacy colleges located in south India acted as peripheral pharmacovigilance centers. Unfortunately, the NPP focuses only on medical colleges and not on other healthcare facilities. Pharmacists and nurses are an integral part of improving awareness about pharmacovigilance in India. Their efforts contribute to the smooth running of the NPP and maintenance of up-to-date documentation hence they should be given due recognition and considered an integral part of NPP.

The pharmacovigilance system in India is very poor and the increased workload on physicians, nurses and pharmacists does not bring to their notice most of the ADRs occurring in practice. Pharmacists are supposed to dispense accurate medications and they possess prime knowledge on medications. Unfortunately in India the qualification for a pharmacist to work in a pharmacy is a diploma (diploma in pharmacy a 2 year study plus 500 hour practical training in hospital), and not a baccalaureate degree in pharmacy.

Moreover the educational curriculum in India for pharmacist is more focused on industry rather than on community pharmacy. However, things are changing and courses based on pharmacy practice are being taught in many pharmacy schools in South India as part of programs such as Pharm. D. and M. Pharm. pharmacy practice. If the current generation of pharmacists get involved in the NPP, we can expect an increase in the future detection of ADRs being reported back to the concerned authorities, which in turn will help the government to take the needed action at the earliest ([Table 3](#T3){ref-type="table"})\[[@ref35]\].

###### 

QUALIFICATIONS REQUIED FOR REGISTERED PHARMACIST IN INDIA
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Suggestions for improving ADR reporting: {#sec2-8}
========================================

Electronic reporting of ADRs, inclusion of ADR education in the professional curriculum, legal protection for healthcare professionals, information exchange about ADRs between healthcare professionals, incorporating ADR information in patient charts, establishment of pharmacovigilance centers at individual healthcare facilities, improving knowledge and awareness about ADR reporting among patients and healthcare professionals and better coordination among pharmacovigilance centers at the local, state and the national levels are some of the steps that can affect the mindset about ADR reporting in India\[[@ref7][@ref34]\].

Recommendations to improve drug safety in India: {#sec2-9}
================================================

Some recommendations to enhance drug safety in India include physicians prescribing medications whose ADR profile is known, informing patients when new drugs are prescribed and to be alert about possible ADRs, approval of new drugs with caution for diseases for which safe alternatives are already existent, mention of drug approval date and black box warnings on the label of medications, penalizing physicians and pharmacists involved in prescribing or distribution of banned drugs, generation of awareness by the NPP about banned drugs in the market and constituting a committee by the DTAB to regulate banned drugs and medications with severe ADRs. The issue of circulation of banned drugs in the Indian market is severe and public awareness about the safety concerns associated with using banned drugs is imperative.

CONCLUSIONS {#sec1-2}
===========

If all healthcare professional including physicians, nurses, pharmacist and others including the patient report all ADRs then regulatory authority can take action as soon as possible, and drugs which are banned worldwide may be not available in India too. The importance of encouraging physicians, pharmacists, other health-care professionals, and patients to continue to report serious suspected adverse drug reactions, whether unknown or known, to manufacturers and their local regulatory agencies cannot be over emphasized. Drug development is becoming increasingly difficult. Continued attrition of potentially useful drugs because of serious unwanted effects will not help. Careful premarketing screening should reduce the problem but may also reduce the number of potentially useful drugs available for full development and subsequent licensing. Better risk management strategies are needed to handle problems when they arise, by means other than revocation of licenses.
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